In the last issue of The Journal of Perinatology (2004;24:36-40), Ellsbury and colleagues ask a controversial question about oxygen therapy for infants with chronic lung disease: Just how much is appropriate and which infants should be treated? After polling the Vermont Oxford Network participants, the authors report that 43% of those responding would not choose to initiate home oxygen therapy in discharged preterm infants until oxygen saturations were less than 90%. Furthermore, once home oxygen therapy was initiated, oxygen saturation levels targeted by respondents varied between >84 and >98%. Even if there was no variability in treatment regimens of the infant in neonatal units, this article demonstrates that target oxygen saturation goals for the preterm headed home are very disparate. This discrepancy alone could potentially result in very different outcomes for graduates of neonatal units. The findings of Ellsbury et al. underscore the need to assess what we know about the risks and benefits of oxygen therapy for the former preterm graduate of the neonatal unit. However, it is equally important to focus on the limitations of the available data in order to determine the goals of future research efforts.
A large percentage of the Vermont Oxford Network participants chose to reserve oxygen therapy for infants with oxygen saturations less than 90%, and for many, the initiation level was less than 88%. There may be some reluctance to consider an infant now ''oxygen dependent'' when prior saturation goals immediately after birth were lower due to the increased risk of retinal disease.
1,2 Recent controlled trials might lead the practitioner to keep oxygen saturation goals low permanently, if cautious interpretation of those studies is not performed. For instance, in the Australian ''BOOST'' trial (Benefits of Oxygen Saturation Targeting), 3 there were patients in a low oxygen saturation group (91 to 94% targets) and a high saturation group (95 to 98%) with no significant outcome differences in growth or major developmental handicaps. Patients in both experimental arms were sent home on oxygen with saturation targets of greater than or equal to 91%. The effect of oxygen saturation levels below 91% on long-term growth or development cannot therefore be inferred from that study.
The former premature 2-month-old infant now has a new disease compared to the same infant at birth. Due to cancelled fetal growth, combined with development that has altered its trajectory, the disease risks and profiles for the ex-premature infant are dramatically different. Diminished lung volumes cause dramatic ventilation/perfusion mismatches with simple colds. Infants with bronchopulmonary dysplasia have unexpected episodes of significant oxygen saturation reductions while sleeping or feeding. 4 We are now faced with critical questions concerning proper oxygen saturation targets for these former premature infants. What saturation level should be targeted to meet respiratory and cognitive requirements while not compromising tissue development? Should oxygen saturation goals be increased in the older developing preterm graduate of the neonatal unit?
There may be significant risks to oxygen therapy as outlined below. Unfortunately, the threshold oxygen saturation that increases each risk is unknown. As demonstrated in animal studies, possible permanent blunting of ventilatory responses to hypoxia develops after exposure to high oxygen saturations at a critical developmental period. 5, 6 Theoretical problems resulting from a blunted response could lead to increased sleep disordered breathing, hypoxia with illness, or could contribute to a risk of death. The existence of this critical period, or its age of occurrence, in humans remains to be determined. Infants on high oxygen levels (target saturation ¼ 95 to 99%) in the controlled ''STOP-ROP'' trial, 7 which followed 649 preterm infants after 35 weeks postmenstrual age, demonstrated some retinal benefits after the development of the second phase of retinopathy of prematurity (ROP). On the down side, there was an increased incidence of pulmonary issues in that group compared to the lower oxygen target. In contrast, the BOOST trial that had an upper limit cutoff of 98% in the high oxygen saturation group did not see significant abnormal pulmonary outcomes in the two treatment arms.
The preterm infant, cut off from protective placental factors, may demonstrate specific regulatory abnormalities of tissue development when exposed to the toxicity of hyperoxia. 8 For example, the mechanism proposed for hyperoxia-induced tissue alteration in the retina includes the downregulation of vascular endothelial growth factor during initial blood vessel formation. 9 Causes for lung arrest and remodeling in hyperoxic conditions may involve the induction of cell cycle inhibitors, 10 and cytokines, 11 combined with decreased levels of antioxidants in the premature infant. 12 The discovery of common pathways for the development of alveolar injury in bronchopulmonary dysplasia, ROP, and even emphysema 13 may lead to common therapies in the near future, but the necessity to put an upper limit on the oxygen saturation target, and to define the age of tissue vulnerability to oxygen is underscored. This age of vulnerability may have been early in the initial exposure to room air in the neonatal unit.
The STOP-ROP and BOOST trials suggest that lower oxygen saturation targets may be of benefit, at least in terms of the burden of home oxygen therapy. However, the safe lower limit of oxygen saturation has not been determined, specifically in terms of neurocognitive development. These trials leave off where our questions begin. In early childhood development, significant gains in cognitive function are achieved, such as executive functions related to ongoing myelination of the frontal systems.
14 Infants with cerebral impairments are frequently diagnosed only after their first year of age when neuropsychological testing allows a more subtle assessment of achievement. A score of more than two standard deviations below the mean on a mental development scale at the age of 1 year was used to define ''developmental abnormality'' in the BOOST trial. This is just the first crude step in assessing the cerebral impact of hypoxia or hyperoxia in infants. Intermittent oxygen desaturation is known to cause significant learning deficits in animal studies. 15 Hypoxic events can leave permanent damage in areas of the brain known to be sensitive to hypoxia, such as the cerebellum, thalamus and hippocampus. 16, 17 Hypoxic and arousal events during sleep apnea in children have been associated with deficits of learning and memory. 18 Decreased pulmonary reserve in infants born prematurely can lead to decreased oxygen saturation during sleep, 4 which is rarely taken into account during daytime pulse oximetry checks. Should we consider the developing infant brain to have more resistance to hypoxia than that of the older child, or should normal oxygen saturations be targeted?
Authors of the BOOST trial have suggested that the outcome of home oxygen use for the discharged premature infant is an increased burden on health services. Although not clearly stated, one might interpret that the authors of the study were alluding to the financial or resource impact of oxygen therapy. The oxygen therapy burden might be considered a minor if not insignificant outcome in the United States in the light of the large number of medically and mentally handicapped children produced from premature deliveries. In fact, our improved neonatal care has turned a previously fatal disorder into a very expensive chronic illness. 19 A consensus for the optimal oxygen saturation target in infants with chronic lung disease is essential. Future research efforts should emphasize oxygen saturation goals that optimize neurocognitive development while simultaneously avoiding collateral damage to vulnerable organs. Determining factors that prevent the toxicity of oxygen therapy will be critical for the treatment of all infants and children. The cerebral impacts of intermittent or chronic hypoxia require very close scrutiny because the outcome of mental handicaps so powerfully influence the longterm potential of an individual. If these efforts lead to improved (even subtle) neurodevelopmental outcomes in former premature infants, the cost to the health system is justified.
